This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not Hmited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 


As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 


(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(19) Worid Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
30 May 2002 (30.05.2002) 



PCT 


(10) International Publication Number 

wo 02/42003 Al 


(51) loternational Patent Classification^: B03C 3/12, 
R)1N3/01 

(21) Intemational Application Number: PCT/AUOl/01501 

(22) loternational Filing Date: 

20 November 2001 (20.11.2001) 


(25) Filing Language: 
(2Q Publication Language: 


English 
English 


(30) Priority Data: 
PR 1605 


21 November2000(2l.ll.2000) AU 


(71) Applicant ffbr all designated States except US): INDIGO 
TECHNOLOGIES GROUP PTY LTD [AU/AU]; Level 
9, The Astor Centre, 445 Upper Edward Street, Spring Hill, 
Queensland 4000 (AU). 


(72) Inventor; and 

(75) Inventor/Applicant (for US only): TRUCE, Rodney, 
John [AU/AU]; 29 Douglas Street, Shenvood, Queensland 
4075 (AU). 

(74) Agent: CULLEN & CO.; Level 26, 239 Geoige Street, 

Brisbane, Queensland 4000 (AU). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ. CA, CH, CN, CO. CR, CU, 
CZ. DB. DK. DM. DZ, EC. EE. ES, H, GB. GD. GB, GH. 
GM, HR, HU. ID, IL, E^. K. JP. KE, KG. KP, KR, KZ. LC, 
LK. LR, LS. LT. LU, LV, MA. MD, MG, MK, MN, MW, 
MX, MZ. NO. NZ, CM, PH. PL. PT, RO, RU. SD, SE, SG. 
SI, SK. SL, TJ, TM, TR, TT. TZ, UA, UG, US, UZ, VN. 
YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM. 
KE, LS, MW, MZ, SD, SL, SZ, TZ. UG, ZM, ZW), 
Eurasian patent (AM. AZ. BY, KG. KZ. MD, RU, TJ, TM), 

[Continued on next page] 


(54) Title: ELECTROSTATIC FILTER 


o 
O 



(57) Abstract: An electrostatic filter (I) has a chamber (11) into 
which a gas stream is introduced. An ioniser (19) in the fonn of 
an electrode array (20) is located in the chamber (11) and creates 
an ionising zone through which the gas stream passes. A chaiged 
outlet (21) is located downstream finom die ioniser (19). As the gas 
stream passes through the ionising zone, the unwanted particles 
therein are charged and uiged away from the outlet (21) by the 
ioniser (19). Chaiged particles approaching the outlet (21) are also 
electrostatically repelled therefrom, permitting "clean** gas to be 
extracted through the outlet. 


wo 02/42003 Al liiniHIIiiiliiliiiliilHiliail 


European patent (AT, BE. CH. CY. DE, DK, BS, FI, FR, For two-letter codes and other abbreviations, refer to the '^Guid- 

GB, GR, IE, rr. LU, MC. NU PT, SE, TR), OAPT patent ance Notes on Codes and Abbreviations'* appearing at the begin- 

(BF, BJ, CF. CG. CI, CM, GA, GN. GQ, GW, ML, MR. ning of each regular issue of the PCT Gazette. 
NE. SN. TD, TG). 

Published: 

— with international search report 


wo 02/42003 


PCT/AUOl/01501 


1 

"ELECTROSTATIC FILTER" 

THIS INVENTION relates to an electrostatic filter suitable for 
separating (solid or liquid) particles from a gas stream. The invention is 
particularly suitable for controlling air pollution from industrial processes, but is 
5 not limited to that particular application. 

For example, the invention may also be used to filter particles 
from air supplied to air conditioning or ventilation systems, and to remove dust 
particles from airstreams in vacuum cleaning devices. The invention may also 
be used generally for separation of particles (solid or liquid) from a gas stiBam 
10 as a precursor to further processing of ttie gas stream, e.g. In recovery of fly 
ash and other fines in cement works. 

BACKGROUND ART 

Stringent controls are imposed by regulatory authorities on the 

15 emission of hazardous air pollutants, and these are likely to become even more 
stringent as pollution levels increase. Of particular concem are toxic trace 
metals and their compounds which exist in the form of small particles. Due to 
the nature of particulate formation in combustion processes, many of the ti^ce 
metals, such as arsenic, cadium, nickel and high-boiling point organic 

20 hazardous air pollutants, tend to concentrate on the fine, sub-micron sized 
particles present in flue gas. 

There are various known types of devices which have been used 
to clean polluted airstreams by separating contaminant particles from the 
airsti^eam. The known device types include "scrubbers", cyclonic separators and 

25 elecbDstatic filters. Examples of such devices can be found in U.S. patents 
4,352,681; 4,478,613; 4,853,010; 5,591,253 and 6,017,381. Some installations 
may utilise two or more of such device types. 

AKhough tiie known devices are generally suitable for removing 
larger particles from airstreams. tiiey are usually much less effective in filtering 

30 out smaller particles, particulariy sub-micron particles. However, it is tfie smaller 
particles which are tiie most problematic pollutants. Such small particles can be 
hazardous to hearth as they are easily absorbed through ttie lungs. 
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The smaller micron and sub-micron particles also have a greater 
visual effect in polluted atmospheres. For the same total mass, smaller particles 
will generally be dispersed over a greater volume than larger particles, thereby 
increasing the volume of the polluted area. Further, the smaller particles cause 
5 "bending" or detraction of light, making the polluted air more visible. 

Known pollution control devices tend to be rather large devices 
adapted for use in large factories and combustion plants. This limits their use to 
large scale installations. Although some smaller-sized electrostatic/cyclonic 
filters are known, the smaller-sized filters tend to be less efficient 

10 In electrostatic filters, dust particles in a gas stream are charged 

by corona discharge or other ionic treatment, and the charged particles are 
electrostatically repelled from an aperture through which the "dean" air is 
removed. It is believed that one of the factors contributing to the rBlative 
inefficiency of known electrostatic filters Is the short 'treatment" time of the 

1 5 particles in the ionising stage. For example, in the electrostatic filter illustrated in 
Fig. 3 of U.S. patent 4,352,681, the corona-producing portion 1 1 is a relatively 
short axial section which is traversed in a short period by the particles in the 
airstream. Consequently the particles, particularty the smaller particles, do not 
have sufficient time to be changed property, and the electrostatic repulsion at 

20 the air take-off is less effective for such particles. 

Another factor believed to contribute to the relative inefficiency of 
electrostatic filters, particularty for sub-micron particles, is the proximity of the 
take-off apertures to the ionisation zone, as in the embodiment of Fig. 3 of U.S. 
patent 4,478,613. It is believed that such proximity does not allow the smaller 

25 particles (having less charge) sufficient travel time to be moved far enough 
away from the take off apertures to avoid being extracted with tiie "cleaned" air. 

It is an object of the present invention to provide an improved 
electrostatic filter. 


30 


SUMMARY OF THE INVENTION 

In one broad form, the invention provides apparatus for 
separating particles from a gas stiBam, ttie apparatus comprising 
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a housing having a chamber therein, and an inlet for introducing 
the gas stream into the chamber, 

an ioniser in the housing for creating an Ionising zone within the 
chamber through which the gas stream passes in use, particles in the gas 
5 stream being charged as they pass through the Ionising zone, and 

a structure in the housing defining an outlet for extracting gas 
from the chamber, the outlet being defined by one or more apertures in the 
structure which Is operatlvely charged to the same polarity as the charged 
particles, 

10 characterised in that the outlet is located downstream from the 

Ionising zone, and In that the partides are moved away from the outlet as they 

pass through the ionising zone. 

The ioniser is typically an electrode an-ay comprising multiple 

rows of electrodes distributed in the direction of travel of the gas stream. The 
15 electrodes are connected to a high voltage power supply, and generate a flow 

of ions to an earthed surface. This ionic *^wind'' carries or urges the particles in 

the gas stream to or towards the eart:hed surface, and away from the outlet{s). 

Preferably, the particles in the gas stream spend at least 0.2 

seconds in the ionising zone, and typically 0.2 second to 2.0 seconds. 
20 Each outlet has an electric field operatlvely associated with it to 

repel charged particles from the outlet Typically, the structure defining the 

outlet(s) is connected to the same high voltage source as the electrode an^y of 

the ioniser. The outlet apertures are preferably located at least as fer from the 

earthed surface as the electrode anray. 
25 A dust collection hopper or container is suitably located beneath 

the earthed surface to collect dust and other particles removed fjfom the gas 

stream which is extracted from the outlet(s). 

The gas streams may be fed to, and extracted from, the housing 

via plenum-like spaces. Preferably, the outlets are orientated so that the 
30 particles must change direction in order to pass through the outlets. 

The apparatus may comprise a series of ionisers spaced in the 

direction of flow of the gas stream, each ioniser being followed by one or more 
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outlets. In this manner, the gas stream is progressively "cleaned". 

In another form, the invention provides a method of separating 
particles from a gas stream, including the steps of: 

passing the gas stream through an ionising zone in which the 
5 particles are charged by a flow of ions firom an Ioniser for at least a minimum 
predetermined period, 

then passing the gas stream past at least one outlet which is 
operatively charged to the same polarity as the charged particles, and 

extracting gas from the gas stream through the outlet, 
10 characterised In that the outlet is located downstream and 

separate from the Ionising zone and in that the particles are moved away from 
the outlet as they pass through the ionising zone. 

The ionic Vind" created by the ioniser urges the particles away 
from the outlet(s). An electric field associated with the outlet repels the charged 
1 5 particles, so that "clean" gas is extracted through the outlet. 

In order that the invention may be more fully understood and put 
into practice, preferred embodiments thereof will now be described with 
reference to the accompanying drawings. 

20 BRIEF DESCraPTION OF THE DRAWINGS 

Fig. 1 is a vertical sectional schematic view of an electrostatic 
filter according to one embodiment of the invention; 

Fig. 2 is a vertical sectional schematic view of an electrostatic 
filter according to a second embodiment of the invention; and 
25 Figs. 3 and 4 are sectional schematic views of further 

embodiments of the electrostatic filter of this invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The electrostatic filter of Fig. 1 comprises a housing 1 having a 
30 cylindrical wall 10 defining a chamber 1 1. At least ttie inside surface of ttie wall 
10 is a conductive earttied surface. The housing has an inlet 12 adapted to 
receive "dirty" gas containing dust particles and ottier pollutants. The bottom of 
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housing 10 is tapered to form a collection hopper 14 which receives dust 
particles and other pollutants removed from the inlet gas as described below. 
The hopper 14 communicates with an outlet 15 for discharging the collected 
dust particles as well as water which may be used to wash down the wall 10. 
5 The filter also has an outlet 1 3 for "dean" gas from which the dust particles and 
pollutants have been removed. 

The wall 10 is typically circular in cross section, and the inlet 12 
may be located tangentlally to the housing so that the inlet gas enters the 
chamber 11 in a swirling action. Water sprays 8 may be used at the Inlet to 
1 0 enhance dust removal and cool the incoming gas. 

The "dirty" gas at the inlet is typically flue gas from combustion or 
other industrial processes. The inlet gas may alternatively be vehicle exhaust 
gas, a vacuum cleaner airstream to be cleaned, or atmospheric air for filtering 
prior to use in air conditioning or other ventilation systems. The inlet gas 
15 typically contains particles of dust and other pollutants which may be as small 
as 0.1 micrometre (fxm) in diameter. Fine particles, less than 5|Lim in diameter, 
have been extremely difficult to remove from gas streams, and are a major 
health hazard due to their high potential toxicity and ease of respiration. The 
dirty inlet gas may contain dust burdens as high as 1000 gmsW, although 
20 levels of 1 0 gms/m^ are most common. 

An electrically insulating tube 16 is mounted centrally and axiaily 
within tfie chamber 11 as shown in the drawing. The insulating tube 16 may 
suitably be constructed from plastic or epoxy material for low temperature 
applications, or from ceramic material for high temperature applications. The 
25 upper end of the tube 16 communicates wrth a conduit 17 which provides the 
outiet 13 for tiie clean gas. 

A gas flow distributor 18 is suitably mounted on the tube 16. The 
distiibutor 18 is a baffle-lilce radial plate with a part-conical upper surface. The 
distilbutor 18 is dimensionally smaller than the cylindrical wall 10 so that an 
30 annular gap or clearance Is provided between ttie distributor 18 and the wall 10. 
A plenum-type chamber Is fornied above the distributor 18, from which the dirty 
Inlet gas is distributed evenly around Vne outside of ttie chamber 11. relying on 
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a small pressure drop across the annular gap or clearance to distribute the gas 
flow around the outside of an electrostatic chamber formed below the distributor 
(as illustrated by the ant)ws). The gas distribution may be assisted by the 
cyclone effect generated by the tangential mounting of the inlet 12 to the 
5 cylindrical housing 1, although a cyclonic action Is not necessarily required, 
particularly for small particle separation. This cyclone effect will urge the heavier 
dust partldes towards the outer cylindrical wall 10 of the housing 1 . 

An Ion generator 19 Is mounted on the central axial tube 16 in the 
electrostatic chamber, below the distributor 18. Due to the insulative properties 

10 of the tube 16. the Ion generator 19 is electrically Insulated from the outiet 
conduit 17 and tiie otiier components of the housing. The ion generator 19 Is a 
hollow metal tube having radial electrodes 20 on its outside which have sharp 
points at their distal ends. Each electrode 20 may be in the form of a prong or 
barb formed from a single strand wire or multiple strands of wire of small 

15 diameter. The electrodes 20 are an^nged In axially spaced rows distributed 
over the ioniser 19. 

The distance between the electrodes 20 of the ion generator 19 
and the outer cylindrical wall of housing 10 is typically 100mm to 1000mm, 
depending on the application for which the electrostatic filter is designed. 

20 In use, the ion generator 19 is connected to a high voltage 

source. The voltage must be high enough to create corona at ttie electrode 
ends. The voltage is usually a minimum of IkV, and more typically 20kV to 
50kV. (For clarity, the voltage source and tiie wire(s) connecting the ion 
generator to tiie voltage source are omitted from the drawing). 

25 The high voltage at tiie sharp points of tiie elecb^des 20 creates 

a strong elecbic field around each sharp point which, In turn, produces intense 
corona at those points. The intense corona generated at the sharp point of 
each of the electrodes 20 produces a concentrated flow of ions from tiie ion 
generator 19 to tiie wall 10 of the housing 1 which Is earttied. The use of such 

30 electric fields around sharp extremities to create corona discharge and ion flow 
is known in tiie art and need not be described in detail in tiiis application. 

The ion generator 19 therefore produces an ionising zone in 
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which an ionic or electrostatic "wind" flows from the ion generator 19 to the 
earthed cylindrical wall 10, generally perpendicular to the flow of gas from the 
distributor 18. This ionic wind canies or urges the dust particles in the dirty gas 
to the internal surface of the cylindrical housing wall 10. The ions in the 
5 electrostatic Vind" transfer their charge to dust particles which they encounter 
in the gas stream, causing the dust particles to be charged to the same polarity 
as the electrodes 20 of the ion generator 1 9, The charge applied to the particles 
will cause the particles to be repelled from the high voltage electrode anray 20 
and to be attracted to the earthed wall 10 of the housing. The particles are 

1 0 therefore moved to the wall by a combination of kinetic and electrical forces. 

The axial length of tiie ion generator 19 is selected so that the 
time taken for tiie gas to pass by the ion generator ('the treatment time") is 
sufHcient to allow the dust particles to be moved out to the cylindrical wall by 
the ionic *^wind^ Under intense ion bombardment, tiie dust particles will charge 

1 5 very rapidly and achieve saturation charge in a fraction of a second. However, 
the treatment time should be long enough to allow even tiie smaller part:icles to 
be charged and nroved out to the wall 10. Preferably, the treatinent time, i.e. 
tiie time for which tiie gas is subject to ttie ionic Vind" from ttie elechiode an-ay, 
is at least 0.2 sec, and more preferably between 0.2 sec and 2 sec. Depending 

20 on the gas speed, this may typically require the electrode array of the ion 
generator 19 to be 0.2m to 2m long (in the axial direction), containing 5 to 50 
axially-spaced rows of electrodes 20. 

The ion generator may be constaicted to penmit its length to be 
adjusted manually or automatically to optimise the period of time which the 

25 particles spend in the ionising zone, e.g. by using a telescoping construction for 
the ion generator. 

Dust particles in the air which attach to tiie wall 10 are scoured off 
and canled to the dust collection hopper 14 by the gas flow and gravity. In the 
case of highly resistive dust which is difficult to detach from tiie wall surfoce, it 

30 may be necessary to wash tiie wall 1 0 witti water using overhead water sprays. 

A gas outiet or take-off 21 is located below the Ion generator 19. 
The gas take-off 21 is preferably located as far from the earUied wall 10 as the 
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electrode array 20. The gas take-off 21 comprises a plurality of stacked vanes 
22 which define annular spaces between them (hereafter refeaed to as the 
'Vane apertures"). The vane apertures communicate with the outlet conduit 17 
via the hollow interior of the ion generator 19 and the insulating tube 16. 
5 The vanes 22 are metal vanes which are electrically connected to 

the ion generator 19 so that they are also maintained at the same high voltage 
as the ion generator. The high voltage applied to the vanes 22 creates intense 
electrical fields around the outer circular edges of the vanes. These electric 
fields extend across the vane apertures and will repel charged particles due to 
10 the large electrostatic forces developed by this configuration. Hence, the 
electrostatic fields at the vane apertures will prevent the dust particles which 
have been charged by passage through the ionic 'Vvind' fifom entering the vane 
apertures. 

Moreover, as can be seen in the drawing, in order to enter the 

15 vane apertures, the particles are required to change their direction of 
movement in order to pass out of the vane apertures. In addition to the 
electrostatic repulsion described above, the inertia of the particles in the 
downward direction, coupled with gravity, also helps prevent the dust particles 
exiting through the vane apertures with the "clean" gas. 

20 The dust particles which are repelled from the vane apertures fall 

into the dust collection hopper 14 at the bottom of the housing as a result of 
gravity and the overall downward gas flow. The collected dust Is removed from 
the hopper 14 through the dust outlet extraction pipe 15. This may suitably be 
achieved using a venturi water suction system or through dry dust extraction 

25 using a dust slide or pneumatic conveying system. Alternatively, the hopper 14 
may be removable. 

The "clean" gas extracted through the vane apertures 22 passes 
through a plenum-like space fomied by the hollow tubular interior of the ion 
generator 19, the insulated tube 16 and the outiet conduit 17, before exiting 

30 from the clean gas outiet 1 3. 

In use, "dirty" gas is intixxluced into fnlet 12. Due to tfie operation 
of ttie gas flow distributor 18 and the cyclone effect on the swiriing inlet flow, 
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larger particles of dust and other contaminants in the inlet gas are moved 
towards the outside cylindrical wall 10 of the housing. As the gas flows axially 
down the chamber 11 past the ion generator 19, the ionic 'Wind" charges the 
particles in the gas stream, causing them to be repelled away from the ion 
5 generator 19 and attracted to the earthed outer wall 10. Clean gas (typically air) 
is extracted via the vane apertures. Charged particles (n the gas are repelled 
from the vane apertures by electrostatic forces arising from intense electric 
fields created across the apertures by high voltage applied to the edges of the 
vanes defining the apertures. The momentum of the particles in a direction 

10 opposite or angled to the air take-off direction, as well as gravity, are additional 
forces acting against the particles being extracted through the vane apertures. 
Consequently, the gas extracted via the vane apertures is "clean" gas from 
which the dust particles and other contaminants have largely been removed. 

The dust particles and other contaminants are collected in the 

15 hopper 14 by using the gas flow along the cylindrical wall 10 to scour the 
particles from the wall, using water sprays to wash down the wall 10, and/or 
utilising gravity and particle momentum in the low flow region below the vane 
take-off. 

Although the tangential positioning of the inlet 12 promotes a 
20 cyclonic effect, such an effect is not required and the flow of gas through the 
chamber may be predominantly linear or axial as shown in other embodiments 
herein. 

With large gas flows, multiple electrode anrays may be used, with 
take-off apertures located between them, as illustrated in the embodiment of 

25 Fig. 2. The electrostatic filter of the embodiment of Fig. 2 has a housing 2 
formed by a wall 23 of generally circular cross section and whose diameter 
increased progressively in the direction of gas flow (indicated by the arrows). 
Multiple tubular electrode assemblies 24 are located centrally within the 
chamber fonmed by the wall 23. Gas outlets or take-offs 25 are provided 

30 between each electrode array 24. Each gas take-off 25 is in the fom of one or 
more apertures in the bottom of each electrode array. These apertures 
communicate with the hollow interior of the electrode arrays 24 which, in turn. 
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communicate with an outlet 26 via an insulating tube 27 to which the electrode 
an-ays 24 are mounted. 

The Inlet gas flowing in the direction shown in Fig. 2 is 
progressively treated by the successive electrode arrays 24, with a portion of 
5 the "clean" gas being extracted through each successive take-off aperture. The 
design of the successive electrode anays may be varied to take advantage of 
the changing gas conditions with, for example, the characteristics of the 
electrodes or the clearance between the electrodes and the earthed wall 23 
varying in the successive electrode arrays as the gas becomes cleaner. 

10 As shown In Fig. 2, the earthed wall 23 may comprise portions 

which are parallel to, or equidistant from, the electrode arrays, as well as 
portbns which are angled away from the electrode anay so that the distance 
between the electrodes and the earth wall varies. In addition, the earthed wall 
23 may be augmented by internal walls or vanes 28 which better trap dust 

15 particles urged radially outwardly by the Ionic wind, and then direct the dust 
particles to a collection hopper 29 at the base of the housing 2. 

Instead of locating the electrodes on a tube located coaxially with 
a cylindrical outer wall as shown in the embodiment of Fig. 1, the electrode 
anay and outlet apertures may be located In a planar member opposed to an 

20 earthed planar surface and coupled thereto by insulating walls to fomi a duct or 
passage for the inlet gas. 

Fig, 3 illustrates a third embodiment of the Invention. The 
electrostatic filter 3 of Fig. 3 has a housing 30 defining a passage 31 for a gas 
stream. The passage communicates with an Inlet 32 via the hollow interior of an 

25 insulating portion 34. A water spray 33 may suitably be provided at the inlet 32. 

The electrostatic filter 3 also has a series of successive Ion 
generators 35, with air teke-off apertures 36 located after respective Ion 
generators 35. Each Ion generator 35 comprises a series of electrodes spaced 
in the direction of travel of the gas stream. The apertures 36 communicate with 

30 an outlet 38. 

A hopper for collecting dust and other particles extracted fifom the 
air stream is provided at the bottom of the housing 30. High voltage 
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components of the electrostatic fitter are electrically insulated from other 
components of the filter by suitable insulative portions 39, 34. 

In use, "dirty" gas entering inlet 32 is washed by the water sprays 
33 before entering the chamber 31 via the plenum-like chamber formed in 
5 hollow insulating portion 34. As the gas stream passes an ion generator 35, the 
particles in the gas stream are charged by the ions travelling from the 
electrodes of the ion generator to the earthed wall opposite. The particles are 
thereby carried by the ionic "wind" to the opposite wall and "clean" gas is 
extracted through the outlets 36. 
10 The components defining the outlets 36 are also charged to a 

high voltage. This high voltage generates intense electric fields around the 
apertures 36, repelling charged dust particles from the apertures. 

The "clean" gas passes from the apertures 36 to the outlet 38 
while particles 'trapped" within the electrostatic filter travel down the inclined 
1 5 wall 30 and are collected in hopper 37. 

The design of successive ion generators 35 and apertures 36 
may be varied, to take into account that the gas becomes progressively 
"cleaner". 

In an altemative embodiment, illustrated in Fig. 4, an electrostatic 
20 filter 4 comprises a square section housing 40 defining a chamber 41 therein. 
The chamber 41 receives "dirty" gas from an inlet 42, via a plenum section 43. 

The chamber 41 has a series of axially-spaced electrodes 44. 
That is, the electrodes 44 are distributed along the direction of travel of the gas. 
The electrodes 44 generate ions which travel transversely to the gas flow to the 
25 opposite earthed walls of housing 40. The particles in the gas flow are charged 
by these ions, and are earned or urged towards the earthed walls of the 
housing 40. 

Multiple apertures 45 are provided downstream of the ionising 
electrodes 44. These apertures may be suitably located behind van^like 
30 fonnations, so that the particles in tiie gas stream must change direction in 
order to exit via the apertures. Clean gas is extracted via the apertures 45 and 
fed to an outiet 46. The particles extracted from the gas are collected in a 
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hopper 47. As with the previous embodiments, the structure defining the 
apertures 45 may be charged to create electric fields across the apertures to 
repel charged particles. 

The "clean" gas extracted from a single filter may still contain 
5 some contaminant particles. Multiple electrostatic filters may therefore be 
placed in series to treat the gas successively, with the "clean" gas extracted 
from one electrostatic filter being fed to the inlet of the next successive filter. 
The electaDstatic filters In the series may have different intemal anangements 
to take advantage of tfie facA ttiat the gas will be cleaner at each successive 
10 stage, and can therefore be designed to enhance fine particle removal. For 
example, in ttie first or eariy stage filter, the outiet apertures may be directed 
away from ttie inlet gas flow to create centrifugal forces, and tiie electrode an^y 
spaced flirtiier from the earthed surface to better collect larger dust particles, 
whereas in the second or later stage filters, the outlet apertures may be 
15 directed towards the inlet gas flow to obtain non-turbulent flow, and tiie spacing 
between the electrode array and the earthed surface decreased since the 
propensity of the electrodes to sparic or arc will be reduced by the eariier 
removal of the large particles. 

Alternatively, a "dirty" gas stream may be divided and fed to 
20 several electrostatic filters connected in parallel. 

The foregoing describes only some embodiments of the 
invention, and modifications which are obvious to those skilled In tiie art may be 
made thereto without departing fifom the scope of the Invention as defined In 
the following claims. 

25 For example, tiie flow ttirough tiie apertures can be adjusted by 

varying the size, location and/or orientation of the outiet apertures. 

Further, or in the aKemative, In the embodiment of Fig. 2, rotary 
valves may be placed In tiie apertures 25 to enable the gas flow through each 
aperture to be adjusted. 

30 Although Figs. 1 and 2 illusti^te tiie electrode array and air take- 

off(s) being mounted on a tube located centinally witiiin a generally cylindrical 
housing, the configuration may be reversed. That is, tiie electrodes and gas 
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take-off(s) may be located on an outer wall, with the earthed surface being 
provided by an axial rod or tube located within the housing. In this embodiment, 
the gas flow distributor is suitably modified to direct the gas flow along the 
earthed rod or tube. 

5 Depending on the particular application however, e.g. the type 

arid size of the dust particles being treated, the distributor may be shaped 
and/or configured to distribute the gas flow in the vicinity of the electrode array. 

Although the illustrated embodiments show housing walls of 
generally circular cross-sectional shape, other suitable shapes and 
10 configurations may be used, as would be evident to a person skilled in the art. 
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CLAIMS: 

1. Apparatus for separating partides from a gas stream, the 
apparatus comprising 

a housing having a chamber therein, and an inlet for introducing 
5 the gas stream into the chamber, 

an ioniser in the housing for creating an ionising zone within the 
chamber through which the gas stream passes in use, particles in the gas 
stream being charged as they pass through the ionising zone, and 

a structure in the housing defining an outlet for extracting gas 
10 from the chamber, the outlet being defined by one or mors apertures in the 
stmcture which is operatively charged to the same polarity as the charged 
particles, 

characterised in that the outlet is located downstream from the 
Ionising zone, and in that the particles are moved away from the outlet as they 
1 5 pass through the ionising zone. 

2. Apparatus as claimed in claim 1, wherein the ioniser is an 
electrode anray having multiple rows of electrodes distributed in the direction of 
travel of the gas stream, the electrodes being operatively connected to a high 
voltage power supply. 

20 3. Apparatus as claimed in daim 1, wherein the partides in the gas 

stream spend at least 0.2 seconds in the Ionising zone, in use, 
4. Apparatus as daimed in daim 3, wherein the partides in the gas 

stream spend between 0.2 seconds and 2.0 seconds In the ionising zone, In 
use. 

25 5. Apparatus as claimed in daim 1, wherein the aperturB(s) of the 

outlet Is(are) orientated so that the partides In the gas stream must 
substantially change direction In order to pass through tiie aperture(s). 
6. Apparatus as daimed in daim 1, wherein the housing has a 

plenum-like space between the inlet and the chamber. 

30 7. Apparatus as daimed in daim 1, having a series of said Ionisers 

spaced in the direction of flow of the gas stream, each ioniser being followed by 
a said outiet. 
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8. Apparatus as claimed in claim 1, wherein the outlet is of 
adjustable aperture size. 

9. An installation for filtering a gas stream, the installation 
comprising a plurality of stages, each stage comprising apparatus as claimed in 

5 claim 1. 

10. A method of separating particles from a gas stream, including the 
steps of: 

passing the gas stream through an Ionising zone in which the 
particles are charged by a flow of ions from an ioniser for at least a minimum 
10 predetemiined period, 

then passing the gas stream past at least one outlet which is 
operatively charged to the same polarity as the charged particles, and 
extracting gas from the gas stream through the outlet, 
characterised in that the outlet is located downstream and 
15 separate from the ionising zone and in that the particles are moved away from 
the outlet as they pass through the ionising zone. 
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